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TITLE OF THE INVENTION 
SUBSTRATE PROCESSING EQUIPMENT 
TECHNICAL FIELD 
[0001] 

The present invention relates to a substrate processing 
equipment that processes substrates such as silicon wafer or 
the like. 
BACKGROUND ART 
[0002] 

In the case where substrates such as silicon wafer or 
the like are subjected to heat treatment with a vertical -type 
heat treating furnace, it is well known to control the output 
of a heater provided around a reaction chamber in order to have 
substrate temperatures approaching a set temperature (target 
value) . 

For example, Patent Document 1 discloses control of the 
outputs of heaters on the basis of thermal interference, to 
which substrates in a reaction chamber are subjected from a 
plurality of the heaters, and errors of substrate temperatures 
relative to a set temperature. 

In the case where substrates being processed are large 
in size, however, there is in some cases generated a large 
difference between temperature changes detected in the 
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reaction chamber and temperature changes in substrates. 
[0003] 

Patent Document 1: JP-A-2002-175123 
DISCLOSURE OF THE INVENTION 
PROBLEMS TO BE SOLVED BY THE INVENTION 
[0004] 

The invention has been thought of in view of the 
background described above, and has its object to provide a 
substrate processing equipment that can easily control 
temperature of a substrate . 
MEASURE FOR SOLVING THE PROBLEMS 
[0005] 

In order to attain the object, a first substrate 
processing equipment according to the invention comprises 
heating means that heats a substrate accommodated in a 
processing chamber, temperature detection means that detects 
temperature in the processing chamber, substrate temperature 
prediction means that predicts temperature of the substrate 
periodically, and control means that mixes that temperature 
in the processing chamber, which is detected by the temperature 
detection means, and a predicted temperature, which is 
predicted by the substrate temperature prediction means in a 
previous period, to use the substrate temperature prediction 
means to predict temperature in a period subsequent to the 
previous period, to control the heating means with the use of 
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the predicted temperature. 
[0006] 

Also, a second substrate processing equipment according 
to the invention comprises heating means that heats a substrate 
accommodated in a processing chamber, first temperature 
detection means that detects temperature in the neighborhood 
of the heating means, second temperature detection means that 
detects temperature in the neighborhood of the substrate, and 
control means that mixes a first predicted temperature of the 
substrate calculated from the temperature detected by the first 
temperature detection means and a second predicted temperature 
of the substrate calculated from the temperature detected by 
the second temperature detection means to control the heating 
means with the use of the predicted temperature as mixed. 
[0007] 

Preferably, the heating means comprises a plurality of 
zone heating means corresponding to a plurality of heating 
zones, and the substrate temperature prediction means 
calculates a detection predicted value of corresponding 
virtual temperature detection means every substrate being an 
object of the predicted temperature, according to an extent, 
to which the plurality of zone heating means, respectively, 
interfere with the substrate being an object of a predicted 
temperature, and predicts temperature in a period subsequent 
to the previous period by means of the detection predicted value 
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and the predicted temperature in the previous period. 
[0008] 

Also, preferably, the control means varies a mixing ratio 
of the first predicted temperature and the second predicted 
temperature of the substrate according to a magnitude of 
variation of temperature detected by the second temperature 
detection means. 
[0009] 

Also, preferably, the heating means comprises a 
plurality of zone heating means, the temperature detection 
means comprises zone- temperature detection means 
corresponding to the zone heating means, respectively, and the 
control means sets virtual temperature detection means in a 
position nearer to a substrate, of which temperature is to be 
predicted, than to other substrates, calculates a detection 
value of the virtual temperature detection means on the basis 
of the corresponding relationship between the virtual 
temperature detection means and the zone- temperature 
detection means and a measured value measured by the 
zone -temperature detection means, predicts a substrate 
temperature in a period subsequent to the previous period by 
means of the detection value as calculated and that substrate 
temperature in the previous period, which is predicted by the 
virtual temperature detection means, and controls the 
respective zone heating means on the basis of the substrate 



4 



predicted temperature. 
[0010] 

Also, preferably, the heating means comprises a 
plurality of zone heating means, the temperature detection 
means comprises first zone -temperature detection means and 
second zone- temperature detection means, which correspond to 
the zone heating means, respectively, and the control means 
sets virtual temperature detection means in a position nearer 
to a substrate, of which temperature is to be predicted, than 
to other substrates, calculates a detection value of the 
virtual temperature detection means on the basis of the 
corresponding relationship between the virtual temperature 
detection means and the first zone- temperature detection means 
or the second zone- temperature detection means and a measured 
value measured by the first zone -temperature detection means 
or the second zone- temperature detection means, predicts a 
substrate temperature in a period subsequent to the previous 
period by means of the detected value as calculated and that 
substrate temperature in the previous period, which is 
predicted by the virtual temperature detection means, and 
controls the respective zone heating means on the basis of the 
substrate predicted temperature . 
[0011] 

Also, preferably, there is further provided output means 
that outputs a temperature detected by the temperature 
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detection means in substantially the same period as that period, 
in which the control means controls output of the heating means , 
by displaying and recording or either of them. 
[0012] 

Also, a first substrate processing method according to 
the invention comprises the steps of heating a substrate 
accommodated in a processing chamber, detecting a temperature 
in the processing chamber, predicting a temperature of the 
substrate periodically, and mixing the detected temperature 
in the processing chamber and a predicted temperature, which 
is predicted periodically in a previous period, to predict a 
temperature in a period subsequent to the previous period to 
control heating of the substrate with the use of the predicted 
temperature . 
[0013] 

Also, a second substrate processing method, according 
to the invention, for a substrate processing equipment 
comprising a reaction chamber that processes a substrate, 
heating means that heats an interior of the reaction chamber, 
control means that controls the heating means, first 
temperature detection means that detects temperature between 
the heating means and the substrate, and second temperature 
detection means that detects temperature nearer to the 
substrate than the first temperature detection means, 
comprises the steps of measuring a temperature with the first 
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temperature detection means, calculating a first substrate 
predicted temperature from the temperature measured by the 
first temperature detection means, measuring a temperature 
with the second temperature detection means, calculating a 
second substrate predicted temperature from the temperature 
measured by the second temperature detection means, and mixing 
the first substrate predicted temperature and the second 
substrate predicted temperature to control the heating means. 
EFFECT OF THE INVENTION 
[0014] 

According to the invention, temperatures of substrates 
are predicted, so that it is possible to easily control 
temperatures of substrates . 
BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

[Figure 1] Fig. 1 is a view showing a whole construction 
of a semiconductor processing equipment , to which the invention 
is applied. 

[Figure 2] Fig. 2 is a view illustrating a reactor put 
in a state of accommodating a boat shown in Fig. 1 and its 
neighborhood . 

[Figure 3] Fig. 3 is a view showing the construction of 
a device operation part. 

[Figure 4] Fig. 4 is a view showing the construction of 
a temperature controller. 
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[Figure 5] Fig. 5 is a flowchart (S10) illustrating 
processes, which correspond to temperature change in a reactor, 
in the sequence of processings carried out by the semiconductor 
processing equipment . 

[Figure 6] Fig. 6 is a graph illustrating an outline of 
temperature change in the reactor in a manner to correspond 
to S10 shown in Fig. 5. 

[Figure 7] Fig. 7 is a view illustrating an example of 
changes in temperature of an inner thermocouple and temperature 
in a substrate when the reactor undergoes ramp-up. 

[Figure 8] Fig. 8 is a view showing temperature detection 
positions on a temperature monitor substrate. 

[Figure 9] Fig. 9 is a schematic view showing an example 
of an arrangement of substrates in the boat . 

[Figure 10] Fig. 10 is a graph illustrating an example 
of changes in outer-thermocouple temperature H of an outer 
thermocouple in addition to an example of changes in 
temperature of the inner thermocouple illustrated in Fig. 7. 

[Figure 11] Fig. 11 is a table illustrating an example 
of changes in substrate-edge temperatures W of an upper 
temperature monitor , a lower temperature monitor , and a central 
temperature monitor in the case where a set temperatures S for 
the inner thermocouple is raised (step-up) one zone at a time 
by 5 °C for four temperature adjustment zones. 

[Figure 12] Fig. 12 is a table illustrating those 
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variations of substrate-edge temperatures W shown in Fig. 11, 
in which the temperature in the reactor when it becomes flat 
is set as a standard. 

[Figure 13] Fig. 13 is a table illustrating ratios 
(variationsvsum of variations) of respective "variations " of 
the four temperature adjustment zones to "sums of variations", 
shown in Fig. 12, of the upper temperature monitor, the lower 
temperature monitor, and the central temperature monitor, 
respectively . 

[Figure 14] Fig. 14 is a graph illustrating an example 
of temperature data required for adjustment of a substrate-edge 
predicted temperature W'top(t) for the upper temperature 
monitor. 

[Figure 15] Fig. 15 is a flowchart (S20) illustrating 
the procedure of determining temperature prediction 
parameters "Kl, Tl, K2 , T2 , b, C" . 

[Figure 16] Fig. 16 is a graph illustrating variations 
of substrate- edge temperatures W in step-up for the upper 
temperature monitor, the lower temperature monitor, and the 
central temperature monitor, respectively. 

[Figure 17] Fig. 17 is a table illustrating variations 
of substrate -edge temperatures W in step-up for a virtual upper 
monitor substrate in addition to variations of the 
substrate-edge temperatures W in step-up illustrated in Fig. 
16. 
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[Figure 18] Fig. 18 is a view illustrating a parameter 
set screen displayed in the case where a display/ input unit 
of the device operation part receives parameters. 

[Figure 19] Fig. 19 is a view illustrating an example 
of a temperature control set screen displayed in the step of 
preparing a substrate -temperature predictive control, in the 
display/input unit of the device operation part. 

[Figure 20] Fig. 20 is a view illustrating an example 
of a temperature control set screen displayed in the step of 
executing the substrate- temperature predictive control, in 
the display/input unit of the device operation part. 

[Figure 21] Fig. 21 is a graph illustrating responses 
of a substrate -edge temperature and a substrate -center 
temperature in a mode for preparation of substrate -temperature 
predictive control in the case where the output of a heater 
is controlled by means of PID calculation so that response of 
an inner thermocouple approaches changes in a set temperature . 

[Figure 22] Fig. 22 is a graph illustrating responses 
of a substrate-edge temperature and a substrate -center 
temperature relative to changes in a set temperature in a mode 
for execution of substrate- temperature predictive control 
where an object of the substrate -temperature predictive 
control is the substrate -edge temperature. 

[Figure 23] Fig. 23 is a graph illustrating responses 
of a substrate -edge temperature and a substrate-center 
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temperature relative to changes in a set temperature in the 
mode for execution of substrate- temperature predictive 
control where an object of the substrate -temperature 
predictive control is an average of the substrate -edge 
temperature and the substrate-center temperature. 
BEST MODE FOR CARRYING OUT THE INVENTION 
[0016] 

[Background of the Invention] 

In order to facilitate the understanding of the invention, 
an explanation will be first given to that background, in which 
the invention has been thought of, prior to the explanation 
of embodiments. 
[0017] 

[Semiconductor processing equipment 1] 

Fig. i is a view showing a whole construction of a 
semiconductor processing equipment 1, to which the invention 
is applied. 

Fig. 2 is a view illustrating a reactor (processing 
chamber) 3 put in a state of accommodating a boat 108 shown 
in Fig. 1 and its neighborhood. 
[0018] 

As shown in Fig. 1, the semiconductor processing 
equipment 1 comprises a cassette transfer machine 100, a 
cassette stocker 102 provided on a back side of the cassette 
transfer machine 100, transfer shelves 104 provided below the 
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cassette stocker 102 , a substrate transfer machine 106 provided 
on a back side of the transfer shelves 104, an elevator 110 
provided on a back side of the substrate transfer machine 106 
to elevate the boat 108, on which a plurality of substrates 
are set, the reactor 3 provided above the elevator 110, a 
temperature controller 4 that controls temperature in the 
reactor 3 , and a device operation part 2 operated by an operator 
to control respective parts constituting the semiconductor 
processing equipment 1 . 
[0019] 

As shown in Fig. 2, the reactor 3 shown in Fig. 1 comprises 
a cylindrical -shaped inner tube 3 0, an outer tube 32 made of, 
for example, quartz, a heater 34 formed around the outer tube 
32 to be cylindrical-shaped, a gas introduction port 320, a 
gas discharge port 322, a seal cap 324, and other constituent 
parts such as a gas flow regulator (not shown) or the like, 
and is covered by an insulating material 36. 
[0020] 

The heater 34 includes zone heaters 340-1 to 340-4, 
respectively, affording setting and adjustment of 
temperature . 

The zone heaters 340-1 to 340-4 are materialized by 
taking out a plurality of taps from, for example, a single 
continuous winding of the heater 34 , or providing four heaters, 
respectively, having independent windings. 
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In this manner, four temperature adjustment zones (U, 
CU, CL, L) , respectively, affording setting and adjustment of 
temperature by the zone heaters 340-1 to 340-4 are formed in 
the reactor 3 . 

The zone heaters 340-1 to 340-4, respectively, of the 
heater 34 are connected to the device operation part 2 through 
the temperature controller 4 to heat an interior of the reactor 
3 on the basis of control by the device operation part 2 . 
Outer thermocouples 342-1 to 342-4 sample temperatures in the 
neighborhood of the zone heaters 340-1 to 340-4, respectively, 
to detect the same . 
[0021] 

The inner tube 3 0 is formed therein with a reaction 
chamber 300. 

Inner thermocouples 302-1 to 302-4 are arranged in those 
positions in the reaction chamber 300, which correspond to the 
temperature adjustment zones (U, CU, CL, L) , respectively. 

The inner thermocouples 302-1 to 302-4 sample 
temperatures in the neighborhood of substrates in the 
respective temperature adjustment zones (U, CU, CL, L) to 
detect the same. 

The outer tube 32 and the inner tube 3 0 are provided to 
be concentric with the heater 34, and a closed, 
cylindrical -shaped space is formed between the tubes. 

The boat 10 8 is arranged in the reactor 3 in a manner 
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to rotate circumf erentially of substrates when the substrates 
are processed. 

Also, the inner thermocouples 3 02-1 to 302-4 and the 
outer thermocouples 342-1 to 342-4, respectively, can detect 
temperatures when the substrates, respectively, are 
processed. 
[0022] 

In addition, in the case where any one of a plurality 
of constituent parts such as the inner thermocouples 3 02-1 to 
302-4, etc. is indicated without identification, it is simply 
abbreviated as the inner thermocouple 3 02 in the following 
description . 

Also, the four temperature adjustment zones (U, CU, CL, 
L) , respectively, are in some cases abbreviated as U zone (U) , 
CU zone (CU) , CL zone (CL) , and L zone (L) in the following 
description. 
[0023] 

[Device operation part 2] 

Fig. 3 is a view showing the construction of the device 

operation part 2 . 

As shown in Fig. 3, the device operation part 2 comprises 
an operation control unit 20, a display/input unit 22, a 
recording output unit 24 , a storage unit 26, and a communication 
unit 28. 
[0024] 
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The operation control unit 20 includes a CPU 200 , a memory 
202, etc. , controls respective units that constitute the device 
operation part 2, and controls, through the communication unit 
28, parts that constitute the semiconductor processing 
equipment 1 . 

The display/input unit 22 comprises, for example, a touch 
panel, includes a period changing unit 22 0, receives setting 
for the semiconductor processing equipment 1, set temperatures 
(target values) , and instructions from an operator, and 
displays operative information or the like of the semiconductor 
processing equipment 1 . 

When receiving, for example, an instruction of changing 
a period of the output from an operator, the period changing 
unit 220 changes a period of outputting temperature data, which 
the temperature controller 4 has received from the inner 
thermocouple 302 and the outer thermocouple 342, to the 
recording output unit 24 and the storage unit 26 through the 
operation control unit 20. 

For example, the period changing unit 22 0 causes 
temperature data, which the temperature controller 4 has 
received from the inner thermocouple 302, the outer 
thermocouple 342, etc., to be output to the recording output 
unit 24 and the storage unit 26 in substantially the same period 
as that period, in which the operation control unit 20 controls 
the heater 34 through the temperature controller 4 . 
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The recording output unit 24 records on, for example, 
graph paper, and outputs results of detection of the inner 
thermocouple 302, the outer thermocouple 342, etc. according 
to that period, which is set by the period changing unit 220. 

The storage unit 2 6 comprises, for example, HDD, CD, etc. 
to store information (recipe) of a processing sequence 
performed by the semiconductor processing equipment 1, and 
information received through the communication unit 28 and a 
recording medium 260. 

The recipe is set through the device operation part 2 
by an operator and stored in the storage unit 26. 
[0025] 

That is, the device operation part 2 includes a 
constituent part as a common computer capable of controlling 
the semiconductor processing equipment 1. 

In this manner, the device operation part 2 has these 
constituent parts controlling the respective constituent 
parts of the semiconductor processing equipment 1 to perform 
processings on substrates. 
[0026] 

[Temperature controller 4] 

Fig. 4 is a view showing the construction of the 
temperature controller 4 . 

As shown in Fig. 4, the temperature controller 4 includes 
a CPU 40, a memory 42, etc., receives temperature data from 
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the inner thermocouples 302-1 to 302-4 and the outer 
thermocouples 342-1 to 342-4, respectively, receives 
respective electric power values of the zone heaters 340-1 to 
340-4, and receives from the device operation part 2 a set 
temperature S (target value) set by an operator and control 
signals such as parameters described later, etc. to output 
electric power values (operating variables Z) to the zone 
heaters 340-1 to 340-4 to vary amounts of heat generated by 
the zone heaters 340-1 to 340-4. 

Also, the temperature controller 4 outputs to the device 
operation part 2 temperature data received from the inner 
thermocouple 302 and the outer thermocouple 342, and electric 
power values received from the zone heaters 340-1 to 340-4, 
respectively. 
[0027] 

[Outline of processings performed by the semiconductor 
processing equipment 1] 

^ The semiconductor processing equipment 1 comprises, for 
example, a vertical type CVD device, and is controlled by 
constituent parts thereof according to the operation of the 
device operation part 2 (Fig. 1) to use CVD to form 
(film-creating processing) Si 3 N 4 film, Si0 2 film, and 
polysilicon (Poly-Si) film on and perform annealing treatment 
on substrates placed at predetermined intervals on the boat 
108 in the reactor 3. 
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[0028] 

Processings performed by the semiconductor processing 
equipment 1 will be described further. 

First, the cassette transfer machine 100 transfers 
cassettes, which accommodate a plurality of substrates, to the 
cassette stocker 102 to store them, and transfers the cassettes 
to the transfer shelves 104, in which the substrates are taken 
out from the cassettes . 

Subsequently, the substrate transfer machine 106 takes 
out the substrates from the cassettes placed on the transfer 
shelves 104 to place the substrates on the boat 108. 
When a predetermined number of the substrates are placed on 
the boat 108, the elevator 110 inserts the boat 108 into the 
reaction chamber 300. 

Then, the reactor 3 is closed by the seal cap 324. 

[0029] 

In the reactor 3, the substrates are heated to processing 
temperatures by the zone heaters 340-1 to 340-4 and then 
processing gases are introduced from the gas introduction port 
320. 

At the time of heating, the temperature controller 4 
controls electric power values for the zone heaters 34 0-1 to 
340-4 on the basis of temperatures detected by the outer 
thermocouples 342-1 to 342-4 and the inner thermocouples 302-1 
to 302-4, respectively, and control signals received from the 
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device operation part 2 . 

The processing gases rise toward the substrates placed 
on the boat 108 disposed in the reaction chamber 3 00, and 
processings are performed on the substrates. 

The processing gases after processing are discharged 
from the gas discharge port 322. 
[0030] 

When processings on the substrates is terminated, the 
boat 108 is unloaded from the reaction chamber 300, for example, 
after temperature in the reactor 3 is lowered, and the boat 
108 is caused to stand by in a predetermined position until 
all the substrates supported on the boat 108 are cooled. 

When the substrates are cooled to a predetermined 
temperature, the substrate transfer machine 106 takes out the 
substrates from the boat 10 8 to store the same in the cassettes 
on the transfer shelves 104. 

The cassettes, in which the substrates having been 
processed are accommodated, are carried out by the cassette 
transfer machine 100 and the processing is finished. 
[0031] 

[Temperature change during processings in the reactor 3] 

Subsequently, temperature change in the reactor 3 in the 
processings of the semiconductor processing equipment 1 will 
be described. 

Fig. 5 is a flowchart (S10) illustrating processes , which 
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correspond to temperature change in the reactor 3, in the 
sequence of processings, described above, by the semiconductor 
processing equipment 1. 

Fig. 6 is a graph illustrating an outline of temperature 
change in the reactor 3 in a manner to correspond to S10 shown 
in Fig. 5. 

As shown in Fig. 5, the heater 34 performs heating in 
STEP 100 (S100) in a manner to maintain the reactor 3 at 
temperature Ts lower than temperature set at the time of 
processing before the boat 108 is inserted into the reactor 
3 . 

[0032] 

In STEP 102 (S102), the substrates placed on the boat 
108 are inserted into the reactor 3. 

Temperature in the reactor 3 is caused to once fall (see 
Fig. 6) from Ts due to insertion of the boat 108, and thereafter 
returned to Ts by the heater 34. 
[0033] 

In STEP 104 (S104) , the heater 34 causes temperature in 
the reactor 3 to gradually rise to a set temperature Tp for 
a processing such as film-creating processing, etc. on the 
basis of an electric power value received from the temperature 
controller 4 (ramp-up) . 
[0034] 

In STEP 106 (S106) , the heater 34 maintains temperature 
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in the reactor 3 at the set temperature Tp so that a processing 
such as film-creating processing, etc. is performed on the 
substrates . 
[0035] 

In STEP 108 (S108) , the heater 34 causes temperature in 
the reactor 3 to fall gradually from Tp to Ts on the basis of 
an electric power value received from the temperature 
controller 4 (ramp-down) . 
[0036] 

In STEP 110 (S110) , the substrates placed on the boat 
108 are taken out from the reactor 3. 

Temperature in the reactor 3 falls from Ts since the boat 
108 is taken out from the reactor 3. 
[0037] 

Since a sequence (S10) of processings performed by the 
semiconductor processing equipment 1 is repeatedly executed, 
the processings can be enhanced in productivity by executing 
respective STEPS in a short time. 
[0038] 

In the case where the substrates have a diameter of 30 0 
mm or the like, however, temperature change detected in the 
reaction chamber 3 00 is in some cases different from 
temperature change in the substrates. 

Fig. 7 is a view illustrating an example of changes in 
temperature of the inner thermocouple 3 02 and temperature in 
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the substrates when the reactor 3 undergoes ramp-up. 

As shown in Fig. 7, in the case where substrates having 
a diameter of, for example, 3 00 mm are caused to rise in 
temperature in the reactor 3 (Fig. 2), an inner-thermocouple 
temperature P detected by the inner thermocouple 3 02, 
temperature (substrate -center temperature C) of a center of 
the substrate, and temperature (substrate -edge temperature W) 
of an edge (outer periphery) of the substrate are varied in 
a different manner from that, in which a set temperature S set 
for the heater 34 by an operator through the device operation 
part 2 is varied. 

In addition, in the case where any one of temperatures, 
such as substrate -center temperature C, substrate -edge 
temperature W, etc., detected in different positions on a 
substrate is indicated without identification, it is simply 
abbreviated as substrate temperature in the following 
description. 
[0039] 

Fig. 8 is a view showing temperature detection positions 
on a temperature monitor substrate 4 00. 

As shown in Fig. 8, the temperature monitor substrate 
400 is provided with nine thermocouples, such as a central 
thermocouple 4 02 on a center of the temperature monitor 
substrate 400, four inner periphery thermocouples 404-1 to 
404-4 on an inner periphery thereof, outer periphery 



22 



thermocouples 406-1 to 406-4 on an outer periphery thereof, 
and the respective thermocouples output detected temperature 
to, for example, the temperature controller 4. 

That is, the temperature monitor substrate 400 is placed 
on the boat 108 whereby temperatures of substrates when 
processed in the reactor 3 can be detected in the same positions 
before the processings. 

Also, when substrates are actually processed, the 
substrates are rotated in a state of being placed on the boat 
108, so that temperature ( substrate -edge temperature W) of, 

for example, outer peripheries of the substrates are made an 
average value of temperatures detected by the respective outer 
periphery thermocouples 406-1 to 406-4. 

[0040] 

Fig. 9 is a schematic view showing an example of an 
arrangement of substrates in the boat 108. 

As shown in Fig. 9, when substrates 5 for products are 
processed in the reactor 3, upper dummy substrates 50 and lower 
dummy substrates 52 , respectively, are arranged in the vicinity 
of uppermost and lowermost portions of the boat 108. 

Since it is difficult to perform film-creating in the 
vicinity of uppermost and lowermost portions of the boat 108 
at the time of, for example, film-creating processing so that 
substrates make products, the upper dummy substrates 50 and 
the lower dummy substrates 52 are provided and changed in number 
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as arranged according to a kind of processing and a kind of 
a device. 
[0041] 

Also, in the boat 108, an upper monitor substrate 54 is 
arranged below the upper dummy substrates 50, a lower monitor 
substrate 56 is arranged above the lower dummy substrates 52, 
and a plurality of substrates 5 for products are arranged 
between the upper monitor substrate 54 and the lower monitor 
substrate 56. 

Further, a central monitor substrate 5 8 is arranged in 
the vicinity of a center of the plurality of substrates 5 
arranged between the upper monitor substrate 54 and the lower 
monitor substrate 56. 

When the substrates 5 are to be processed, the upper 
monitor substrate 54, the lower monitor substrate 56, and the 
central monitor substrate 58 are arranged, for example, one 
by one and made an indicator for confirmation of results of 
film-creation on the substrates 5. 
[0042] 

The temperature monitor substrates 4 00, respectively, 
are arranged in positions of the upper monitor substrate 54, 
the lower monitor substrate 56, and the central monitor 
substrate 58 before the processings whereby substrate-center 
temperatures C and substrate -edge temperatures W described 
above are detected in respective positions on the upper monitor 
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substrate 54, the lower monitor substrate 56, and the central 
monitor substrate 58. 

A substrate -center temperature C and a substrate -edge 
temperature W are varied in positions of, for example, the 
central monitor substrate 58 as shown in Fig. 7. 
[0043] 

In addition, temperature monitor substrates 4 00, 
respectively, arranged in positions of the upper monitor 
substrate 54, the lower monitor substrate 56, and the central 
monitor substrate 58 in the boat 108 are in some cases 
abbreviated as upper temperature monitor, lower temperature 
monitor, and central temperature monitor in the following 
description . 

Also, in the case where any one of the upper temperature 
monitor, the lower temperature monitor, and the central 
temperature monitor is indicated without identification, it 
is simply abbreviated as temperature monitor. 
[0044] 

In Fig . 7 , in the case where a set temperature S is changed 
from 600 °C to 800 °C at a rate of 50 °C per minute, an 
inner-thermocouple temperature P indicated by the 
inner-thermocouple 3 02 rises later than the set temperature 
S and becomes flat at about 800 °C after a little past 800 °C. 

On the other hand, the substrate -edge temperature W rises 
just after the start of ramp-up while being put in a state of 
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being higher than the set temperature S, and gradually falls, 
when the set temperature S rises to 800 °C, to become flat at 
about 80 0 °C. 

Also, the substrate -center temperature C rises further 
later than the inner- thermocouple temperature P and becomes 
flat at about 800 °C after becoming higher than the 
inner -thermocouple temperature P. 
[0045] 

In this manner, in the case where the output of the heater 
34 is controlled by PID control or the like so that the 
inner- thermocouple temperature P of the inner thermocouple 302 
approaches the set temperature S, a substrate -edge temperature 
W and a substrate-center temperature C are in some cases varied 
in different characteristics from that of the 
inner-thermocouple temperature P. 

For example, in the case where the substrates 5 (Fig. 
9) have a diameter of 300 mm, overshoot of substrate -edge 
temperature W and substrate -center temperature C over the set 
temperature S is in some cases large in a batch type reactor 
3 (Fig. 2) , in which substrates placed on the boat 108 is small 
in number and large in intervals therebetween, when the inner 
thermocouple 3 02 being harder to receive an amount of heat than 
the substrates 5 is controlled by PID control in a manner to 
approach the set temperature S, so that it takes long until 
they become flat . 
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[0046] 

[Embodiment] 

An embodiment of the invention will be described below. 
According to the following embodiment, there is specifically 
shown a semiconductor processing equipment 1, in which prior 
to processing of substrates for products, temperature monitor 
substrates 400 are arranged in respective positions of an upper 
monitor substrate 54, a lower monitor substrate 56, and a 
central monitor substrate 58 to detect substrate -center 
temperatures C and substrate -edge temperatures W. 
[0047] 

In the semiconductor processing equipment 1 (Fig. 1) 
including the reactor 3 shown in Fig. 2, before the substrates 
5 for products are processed, the temperature controller 4 
varies temperature in the reactor 3 on the basis of control 
by the device operation part 2 in the same manner as that when 
the substrates 5 are processed, and receives temperature 
changes in those positions, in which the respective 
thermocouples are arranged, through the temperature monitor 
substrates 400 arranged in respective positions of the upper 
monitor substrate 54, the lower monitor substrate 56, and the 
central monitor substrate 58, the inner thermocouples 302-1 
to 3 02-4, and the outer thermocouples 342-1 to 342-4 to predict 
temperatures of the substrates 5 when the plurality of the 
substrates 5 (see Fig. 9) are processed. 
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[0048] 

[Substrate -temperature predictive control of the 
semiconductor processing equipment 1] 

The semiconductor processing equipment 1 predicts 
substrate temperatures and controls the output of the heater 
34 so that predicted substrate temperatures approach a set 
temperature, thus performing predictive control of substrate 
temperatures . 

Also, the semiconductor processing equipment 1 includes 
the temperature controller 4 that acquires temperature data 
required for substrate- temperature predictive control, and 
the device operation part 2 that inputs parameters required 
for substrate- temperature predictive control and receives 
instructions for execution of substrate -temperature 
predictive control as described above. 

An explanation will be given below to prediction of 
substrate temperatures, substrate -temperature predictive 
control based on predicted substrate temperatures, 
acquisition of temperature data required for 
substrate- temperature predictive control, input of parameters 
required for substrate -temperature predictive control, and 
execution of substrate- temperature predictive control. 
[0049] 

[Prediction of substrate temperatures] 

Fig. 10 is a graph illustrating an example of changes 
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in an outer- thermocouple temperature H of the outer 
thermocouple 342 in addition to an example of changes in 
temperature of the inner thermocouple 3 02 illustrated in Fig. 
7 . 

Since the outer thermocouple 342 detects a temperature 
in the reactor 3, in a position nearest to the zone heater 340 
that constitutes a heat source, response of the 
outer-thermocouple temperature H to changes in a set 
temperature S set in the zone heater 34 0 is faster than response 
of a substrate -edge temperature W. 

Also, since the inner thermocouple 302 is harder to 
receive an amount of heat than substrates, response of an 
inner -thermocouple temperature P to changes in the set 
temperature S is later than response of the substrate -edge 

temperature W. 

In this manner, the outer- thermocouple temperature H 
responds fastest to changes in temperature of the zone heater 
340, and the substrate -edge temperature W, the 
inner-thermocouple temperature P, and a substrate -center 
temperature C respond in this order subsequent to the 
outer-thermocouple temperature H. 
[0050] 

In the semiconductor processing equipment 1, the 
temperature controller 4 calculates an electric power value 
(operating variable) to the zone heater 340 through PID 
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calculation every control period of, for example, several 
hundreds ms to several seconds from temperatures detected by 
the respective thermocouples and the set temperature S on the 
basis of control by the device operation part 2, and controls 

(digital control) an amount of heat from the zone heater 340. 

[0051] 

First, W(t) indicates a value of the predicted 
substrate -edge temperature W at a t-th (t being an integer) 
control period from the start of ramp-up, andW(t - 1) indicates 
a value of the predicted substrate -edge temperature W at a (t 
- 1) -th control period. 

H(t) indicates a value of the outer- thermocouple 
temperature H at a t-th control period from the start of ramp-up, 
and H(t - 1) indicates a value of the outer- thermocouple 
temperature H at a (t - 1) -th control period. 

Also, P(t) indicates a value of the inner- thermocouple 
temperature P at a t-th control period from the start of ramp-up, 
and P(t - 1) indicates a value of the inner- thermocouple 
temperature P at a (t - 1) -th control period. 
[0052] 

Fig. 10 shows characteristics, in which response of the 
substrate -edge temperature W to changes in the set temperature 
S is later than response of the outer- thermocouple temperature 
H. 

That is, the substrate -edge temperature W can be 
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considered to change later than the outer-thermocouple 

temperature H. 

Accordingly, assuming that the substrate -edge 
temperature W is a temperature of a single system, a 
substrate-edge temperature w (t) is represented by first-order 
lag calculation of an outer- thermocouple temperature H (t) , and 
can further be represented by the following Formula 1 by 
adjusting a mixing ratio of a substrate -edge temperature W(t 
- 1) and an outer-thermocouple temperature H(t - 1) with a time 
constant Tl of the substrate -edge temperature W. 

[0053] 

[Formula 1] 

W(t) = (KlxH(t - 1) + TlxW(t - 1))-(1 + Tl) (1) 

where Kl indicates a gain of the outer- thermocouple 
temperature H to the substrate -edge temperature W, and Tl is 
a time constant of the substrate -edge temperature W. 
[0054] 

Also, Fig. 10 shows characteristics, in which response 
of the inner-thermocouple temperature P is later than response 
of the outer-thermocouple temperature H. 

That is, the inner- thermocouple temperature P can be 
considered to change later than the outer- thermocouple 

temperature H. 

Accordingly, assuming that the inner- thermocouple 
temperature P is temperature of a single system, an 
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inner-thermocouple temperature P(t) is represented by 
first-order lag calculation of the outer- thermocouple 
temperature H(t), and can further be represented by the 
following Formula 2 by adjusting a mixing ratio of an 
inner-thermocouple temperature P(t - 1) and the 
outer-thermocouple temperature H(t - 1) with a time constant 
T2 of the inner-thermocouple temperature P. 

[0055] 
[Formula 2] 

P(t) = (K2xH(t - 1) + T2xP(t - 1))-(1 + T2) (2) 

where K2 indicates a gain of the outer- thermocouple 
temperature H to the inner -thermocouple temperature P, and T2 
is a time constant of the inner- thermocouple temperature P. 
[0056] 

By transforming the Formula 1, the outer-thermocouple 
temperature H(t - 1) is represented by the following Formula 
3 . 

[0057] 
[Formula 3] 

H(t - 1) = {(Tl + l)xW(t) - TlxW(t - 1) } + Kl (3) 
[0058] 

Also, by substituting Formula 3 for Formula 2, the 
substrate -edge temperature W(t) is represented by the 
following Formula 4 . 
[0059] 
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[Formula 4] 

W(t) = {Klx(T2 + l)xP(t) - KlxT2xP(t - 1) + K2xTlxW(t - 1)} 

{K2x(l + Tl) } (4) 
[0060] 

Here, an outer predicted temperature HW(t) indicates the 
substrate -edge temperature W(t) represented by Formula 1 and 
predicted from the outer- thermocouple temperature H. 

Also, an inner predicted temperature PW(t) indicates the 
substrate -edge temperature W(t) represented by Formula 4 and 
predicted from the inner- thermocouple temperature P. 

In Formula 4, the substrate -edge temperature W is 
predicted from the inner- thermocouple temperature P that 
changes relative to changes in the set temperature S later than 
response of the substrate -edge temperature W. 
[0061] 

A mixing ratio of the outer predicted temperature HW(t) 
and the inner predicted temperature PW(t) is interpolated by 
a weight a(t) described later such that the outer predicted 
temperature HW(t) predicted from the outer- thermocouple 
temperature H is weighted in that region in Fig. 10, in which 
the inner-thermocouple temperature P is varied much, and the 
inner predicted temperature PW(t) predicted from the 
inner-thermocouple temperature P is weighted in that region, 
in which the inner -thermocouple temperature P is varied less, 
whereby a weighted substrate -edge predicted temperature W (t) 
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is represented by the following Formula 5. 

[0062] 

[Formula 5] 

W (t) = (HW(t)xa(t) + PW(t)) + (a(t) + 1) (5) 
[0063] 

The weight a(t) indicates a magnitude (rate of change) 
of variation of the inner- thermocouple temperature P and is 
represented by the following Formula 6. 
[0064] 

[Formula 6] 

a(t ) = | { (P(t) - P(t - 1) ) + (a(t - l)xb) }+(l + b) |xC (6) 
where | | in Formula 6 indicates an absolute value, b 
indicates a filter time constant of the weight a(t), and C 
indicates a weight gain of a(t) . 
[0065] 

As described above, the substrate -edge predicted 
temperature W (t) can be found from the outer predicted 
temperature HW(t) and the inner predicted temperature PW(t) . 

In addition, it is necessary to set temperature 
predictive parameters "Kl, Tl, K2, T2 , b, C» individually every 
semiconductor processing equipment 1 for predictive control 
of substrate temperatures. 
[0066] 

Subsequently, an explanation will be given to a specific 
method of determining the outer predicted temperature HW(t) 
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and the inner predicted temperature PW(t) . 

For example, in the case where the number of temperature 
monitor substrates 400 arranged in the boat 108 is consistent 
with the number of zone heaters 340 and measurement positions 

(heightwise direction) and number of outer thermocouples 342 
and inner thermocouples 302, respectively, are consistent 
every temperature adjustment zone with arranged (placed) 
positions (heightwise direction) and number of the temperature 
monitor substrates 400, the substrate -edge predicted 
temperature W'(t) can be calculated by substituting 
corresponding values for Formula 1 to Formula 6. 

[0067] 

On the other hand, since the four temperature adjustment 
zones (U, CU, CL, L) are provided in the semiconductor 
processing equipment 1 according to the embodiment of the 
invention and the temperature monitor substrates 4 00 are 
arranged one by one in positions of the upper monitor substrate 
54, the lower monitor substrate 56, and the central monitor 
substrate 58 in the boat 108, it is necessary to calculate 
outer- thermocouple temperatures H and inner- thermocouple 
temperatures P, which constitute virtual temperature 
detection means corresponding to the three temperature monitor 
substrates 400, respectively, from four outer- thermocouple 
temperatures H and four inner -thermocouple temperatures P. 

Since points of measurement by the inner thermocouples 
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302 and the outer thermocouples 342 are usually limited in 
number and not necessarily positioned (heightwise direction, 
and direction perpendicular to a main surface of a substrate) 
in the vicinity of positions (heightwise direction, and 
direction perpendicular to a main surface of a substrate) of 
a substrate desired to be measured and predicted, the virtual 
temperature detection means comprises detection means found 
by using the inner thermocouples 302 or the outer thermocouples 
342 and the relationship of interference between respective 
substrates and the temperature adjustment zones to suppose an 
optimum position (heightwise direction, and direction 
perpendicular to a main surface of a substrate) nearest to the 
inner thermocouple 3 02 or the outer thermocouple 342 
corresponding to a position (heightwise direction, and 
direction perpendicular to a main surface of a substrate) of 
a substrate desired to be measured and predicted. 

In addition, while an explanation is given here by way 
of the inner thermocouple 3 02 or the outer thermocouple 342, 
application is possible when the relationship of interference 
between a substrate desired to be measured and predicted, and 
the temperature adjustment zones can be calculated. 
[0068] 

For example, in the case where temperatures of the upper 
temperature monitor, the lower temperature monitor, and the 
central temperature monitor are to be predicted from 
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temperatures detected by the outer thermocouples 342-1 to 342-4 
and the inner thermocouples 302-1 to 302-4, respectively, 
outer-thermocouple temperatures H and inner- thermocouple 
temperatures P, which correspond to the respective temperature 
monitor substrates 400, are calculated by extents, to which 
the zone heaters 340-1 to 340-4, respectively, interfere with 
temperatures of the three temperature monitor substrates 4 00. 
[0069] 

Specifically, the set temperatures S of the four 
temperature adjustment zones are raised (step-up) one at a time 
by 5 °C from, for example, a state, in which temperature in 
the reactor 3 becomes flat, and extents, to which the zone 
heaters 340-1 to 340-4, respectively, interfere with 
temperatures of the temperature monitor substrates 400, can 
be calculated from changes in substrate -edge temperatures W 
detected through the respective outer periphery thermocouples 
406-1 to 406-4 of the upper temperature monitor, the lower 
temperature monitor, and the central temperature monitor. 
[0070] 

Fig. 11 is a table illustrating an example of changes 
in substrate -edge temperatures W of the upper temperature 
monitor, the lower temperature monitor, and the central 
temperature monitor in the case where the set temperatures S 
for the inner thermocouples 3 02-1 to 302-4 are raised (step-up) 
one at a time by 5 °C for the four temperature adjustment zones. 
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As shown in Fig. 11, when the respective set temperatures 
S of the four temperature adjustment zones are raised (step-up) 
one at a time by 5 °C, substrate-edge temperatures W of the 
upper temperature monitor, the lower temperature monitor, and 
the central temperature monitor undergo different temperature 
changes . 
[0071] 

Fig. 12 is a table illustrating those variations of the 
substrate-edge temperatures W shown in Fig. 11, in which the 
temperature in the reactor 3 when it becomes flat is set as 
a standard. 

First, an explanation is given to temperature changes 
in the upper temperature monitor . 

In a state, in which temperature in the reactor 3 is flat 
(on a flat occasion shown in Fig. 11) , the substrate-edge 
temperature W of the upper temperature monitor is 852.4 °C. 

First, when the set temperature S in only the U zone is 
raised by 5 °C, the substrate -edge temperature W of the upper 
temperature monitor becomes 855.6 °C, "variation" (Fig. 12) 
with a standard on a flat occasion is 3.2 °C. 

Likewise, in the case where the set temperatures S are 
sequentially raised one at a time by 5 °C for the CU zone, the 
CL zone, and the L zone, the substrate -edge temperatures W of 
the upper temperature monitors become 8 54.0 °C, 8 52.1 °C, and 
852.3 °C, and "variations" with standards on a flat occasion 
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are 1.6 °C, -0.3 °C, and -0.1 °C. 
[0072] 

That is, when the U zone, the CU zone, the CL zone, and 
the L zone are raised one at a time by 5 °C, temperature changes 
of 3.2 °C, 1.6 °C -0.3 °C, and -0.1 °C, respectively, occur 
in the substrate -edge temperatures W of the upper temperature 
monitors . 

Also, in the case where all the set temperatures for the 
four temperature adjustment zones are raised by 5 °C (the zone 
heaters 340-1 to 340-4, respectively, are raised by 5 °C) , the 
substrate -edge temperatures W exhibit changes of "sum of 
variations" (Fig. 12) amounting to the sum of temperature 
changes of the respective temperature adjustment zones, and 

thus are raised in 4.4 °C . 

Likewise, for the lower temperature monitor and the 
central temperature monitor, the substrate -edge temperatures 
W (Fig. 11) when the lower temperature monitor and the central 
temperature monitor are stable, the substrate- edge 
temperatures W in the case where the set temperatures S are 
sequentially raised one at a time by 5 °C for the four 
temperature adjustment zones, and "variations" (Fig. 12) of 
the respective substrate -edge temperatures W with standards 
on a flat occasion are shown. 
[0073] 

Fig. 13 is a table illustrating ratios (variations*sum 
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of variations) of respective "variations" of the four 
temperature adjustment zones to "sums of variations", shown 
in Fig. 12, of the upper temperature monitor, the lower 
temperature monitor, and the central temperature monitor. 

That is, Fig. 13 shows rates (rates of interference) , 
at which the zone heaters 340-1 to 34 0-4, respectively, 
interfere with temperature changes in the respective 
substrate-edge temperatures W of the upper temperature monitor, 
the lower temperature monitor, and the central temperature 
monitor in the case where the set temperatures S for the inner 
thermocouples 302-1 to 3 02-4 are varied in the zone heaters 

340-1 to 340-4. 

Inner- thermocouple temperatures P corresponding 
respectively to the upper temperature monitor, the lower 
temperature monitor, and the central temperature monitor are 
calculated with the rates of interference and used for 
prediction of substrate-edge predicted temperature W (t) . 
[0074] 

For example, an inner- thermocouple temperature Ptop(t) 
used for prediction of a substrate -edge predicted temperature 
W'top(t) of the upper temperature monitor is represented by 
the following Formula 7 on the basis of the rates of 
interference shown in Fig. 13. 

In addition, the inner-thermocouple temperature P 
becomes substantially the same as the set temperature S in 
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several minutes after ramp-up as shown in, for example. Fig. 
10 . 

[0075] 

[Formula 7] 

Ptop(t) = .{Pu(t)x0.727} + {Pcu(t)x0.364} + { Pel ( t ) x ( - 0 . 068 ) } 
+ {Pl(t)x(-0.023) } (7) . 

where Pu(t), Pcu(t), Pel (t) , and Pl(t) indicate 
inner-thermocouple temperatures of the U zone, the CU zone, 
the CL zone, and the L zone, respectively. 
[0076] 

The inner- thermocouple temperature Ptop(t) calculated 
with Formula 7 is substituted into Formula 4 to be used for 
calculation of an inner predicted temperature PWtop(t) of the 
upper temperature monitor. 
[0077] 

Also, outer- thermocouple temperatures H corresponding 
respectively to the upper temperature monitor, the lower 
temperature monitor, and the central temperature monitor may 
be calculated on the basis of the rates of interference (Fig. 
13) , which are calculated with the set temperatures S for the 
inner thermocouples 302-1 to 302-4. 

For example, an outer- thermocouple temperature Htop(t) 
used for prediction of a substrate-edge predicted temperature 
W'top(t) of the upper temperature monitor is represented by 
the following Formula 8 on the basis of the rates of 



41 



interference shown in Fig. 13. 
[0078] 
[Formula 8] 

Htop(t) = {Hu(t)x0.727} + {Hcu(t)x0.364} + {Hcl (t) x (-0 . 068) } 
+ {Hl(t)x(-0.023) } (8) 

where Hu(t), Hcu(t) , Hcl (t) , and Hl(t) indicate 
outer- thermocouple temperatures of the U zone, the CU zone, 
the CL zone, and the L zone, respectively. 
[0079] 

The outer- thermocouple temperature Htop(t) calculated 
with Formula 8 is substituted into Formula 1 to be used for 
calculation of an outer predicted temperature HWtop(t) of the 
upper temperature monitor. 
[0080] 

Also, for calculation of outer- thermocouple 
temperatures H, outer- thermocouple temperatures Hof, for 
example, four temperature adjustment zones may be raised 
(step-up) one at a time by 5 °C, and rates of interference 
between the respective outer-thermocouple temperatures H and 
the substrate-edge temperatures W from changes in respective 
substrate -edge temperatures W of the upper temperature monitor, 
the lower temperature monitor, and the central temperature 
monitor . 

As described above, inner predicted temperatures PW(t) 
and outer predicted temperatures HW(t) can be found by 
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calculating inner-thermocouple temperature P and 
outer- thermocouple temperatures H, which correspond to the 
upper temperature monitor, the lower temperature monitor, and 
the central temperature monitor, respectively, from 
inner -thermocouple temperature P and outer- thermocouple 
temperatures H of the four temperature adjustment zones, 
respectively. 

Also, in the case where four monitor substrates are 
provided to correspond to the four temperature adjustment zones, 
respectively, positions closest to the inner thermocouple 302 
and the outer thermocouple 342 in positions, in which the 
monitor substrates 400, respectively, are arranged, can be 
calculated by finding a state of interference. 

That is, virtual temperature detection means comprising 
optimum positions of the inner thermocouple 3 02 and the outer 
thermocouple 342, which correspond to respective substrates 
in the respective temperature adjustment zones, can be found 
by the relationship of interference, and substrate predicted 
temperatures can be found by the inner thermocouple 3 02 and 
the outer thermocouple 342 thus found. 
[0081] 

Subsequently, an explanation will be given to the 
procedure of determining temperature prediction parameters 
"Kl, Tl, K2, T2, b, C" for calculation of a substrate -edge 
predicted temperature W (t) by way of the procedure for the 
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upper temperature monitor. 

Fig. 14 is a graph illustrating an example of temperature 
data required for adjustment of a substrate -edge predicted 
temperature W'top(t) for the upper temperature monitor. 

Fig. 14 illustrates, for the upper temperature monitor, 
an inner-thermocouple temperature Ptop(t) and an 
outer-thermocouple temperature Htop(t) calculated as 
described above, an outer predicted temperatures HWtop(t) 
calculated from the outer- thermocouple temperature Htop(t) by 
Formula 1, an inner predicted temperature PWtop(t) calculated 
from the inner- thermocouple temperature Ptop(t) by Formula 4, 
a weight atop(t) calculated from the inner- thermocouple 
temperature Ptop(t) by Formula 6, a substrate -edge predicted 
temperature W'top(t) calculated from these values by Formula 
5, and a substrate -edge temperature Wtop detected by the upper 
temperature monitor, by way of a graph. 
[0082] 

An operator adjusts and determines temperature 
prediction parameters "Kl, Tl, K2, T2, b, C" sequentially from 
the gain Kl for the upper temperature monitor, the lower 
temperature monitor, and the central temperature monitor, 
respectively, such that the substrate -edge predicted 
temperature Wtop(t) illustrated in Fig. 14 approaches the 
substrate-edge temperature Wtop. 

Therefore, in the case where the temperature prediction 
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parameters "Kl, Tl, K2 , T2 , b, C" are to be determined, it is 
preferable to use a graph illustrating substrate-edge 
predicted temperatures W (t) for the upper temperature monitor, 
the lower temperature monitor, and the central temperature 
monitor, respectively, in the manner illustrated in Fig. 14. 
[0083] 

Fig. 15 is a flowchart (S20) illustrating the procedure 
of determining the temperature prediction parameters "Kl, Tl, 

K2, T2, b, C" . 

In addition, the procedure of determining a parameter 
for the upper temperature monitor is experimentarily described 
for comparison with Fig. 14. 

As shown in Fig. 15, an operator determines, in STEP 2 00 
(S200) , the gain Kl in Formula 1 from ratios of outer predicted 
temperatures HWtop(t) to substrate -edge temperatures Wtop at 
the startup of ramp-up (an interval of 1 to 2 minutes in Fig. 
14) illustrated in Fig. 14. 

Preferably, a value of the gain Kl is determined so that 
outer predicted temperatures HWtop(t) are made substantially 
equal to substrate -edge temperatures Wtop. 
[0084] 

In STEP 2 02 (S2 02) , an operator determines a value of 
the time constant Tl in Formula 1 so that outer predicted 
temperatures HWtop(t) during ramp-up (an interval of 1 to 5 
minutes in Fig. 14) approach response of the substrate-edge 
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temperatures Wtop as far as possible. 
[0085] 

In STEP 2 04 (S2 04) , an operator determines a value of 
the gain K2 in Formula 2 so that inner predicted temperatures 
PWtop(t) are made substantially equal to substrate-edge 
temperatures Wtop in a state, in which the temperature change 
of the substrate-edge temperatures Wtop decrease after ramp-up 

(after the lapse of 10 minutes in Fig. 14) . 

In this case, the value of the gain K2 is adjusted with 
an initial value being the value of the gain Kl determined in 
S200. 

[0086] 

In STEP 2 06 (S2 06) , an operator determines a value of 
the time constant T2 in Formula 2 so that response of inner 
predicted temperatures PWtop(t) generally approach response 
of the substrate-edge temperatures Wtop. 
[0087] 

In STEP 208 (S2 08) , an operator confirms changes in the 
weight atop(t) with the weight gain C being 1.0 and the filter 
time constant b being 10. 

In the case where changes in the weight atop(t) are 
vibratory, a value of the filter time constant b is determined 
in the case where the filter time constant b is caused to 
sequentially change to, for example, 10, 20, 30, 40 and so 
changes in the weight atop(t) are not vibratory. 
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[0088] 

In STEP 210 (S210) , the time constants Tl, T2 are 
subjected to fine adjustment so that response of the 
substrate-edge predicted temperature W top (t) approaches 
response of the substrate -edge temperature Wtop after the 
termination of ramp-up (after the lapse of 5 minutes in Fig. 
14) . 

In addition, in order to perform control so that the 
substrates become at a set temperature early, the parameters 
are preferably adjusted laying stress on temperature changes 
in the respective substrates after the termination of ramp-up 

(after the lapse of 5 minutes in Fig. 14) rather than during 
ramp-up (an interval of 1 to 5 minutes in Fig. 14) . 

[0089] 

In the case where there is a large difference of, for 
example, at least 10 °C between response of the substrate -edge 
predicted temperature W'top(t) and response of the 
substrate -edge temperature Wtop even when the temperature 
prediction parameters are adjusted according to the procedure 
in S2 0, the time constants Tl, T2 may be further subjected to 
fine adjustment by changing a value of the weight gain C set 
in S208 in a manner to sequentially decrease the same to, for 
example, 0.9, 0.8. 

That is, a difference between response of the 
substrate -edge predicted temperature W»top(t) and response of 



47 



the substrate-edge predicted temperature Wtop may be decreased 
by laying stress on the inner predicted temperature PWtop(t) 
rather than the outer predicted temperature HWtop(t) . 

Also, in S20, the temperature prediction parameters "Kl, 
Tl, K2, T2, b, C" can be likewise determined for the lower 
monitor substrate 56 and the central monitor substrate 58. 
[0090] 

[Substrate -temperature predictive control] 

The temperature controller 4 predicts substrate 
temperatures as described above and controls the output of the 
heater 3 4 on the basis of control by the device operation part 
2 so that substrate temperatures approach a set temperature . 

Since the four zone heaters 340-1 to 340-4 are provided 
for the three temperature monitor substrate 4 00 of the upper 
temperature monitor, the lower temperature monitor, and the 
central temperature monitor in the semiconductor processing 
equipment 1, the temperature controller 4 controls the outputs 
of the four zone heaters 34 0 on the basis of temperature data 
received from the three temperature monitor substrates 400. 

[0091] 

That is, the temperature controller 4 calculates four 
operating variables in order to control respective outputs of 
the zone heaters 340-1 to 340-4. 

The four operating variables are in some cases calculated 
with rates (rates of interference) , at which, for example, the 
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zone heaters 340-1 to 340-4 interfere with the upper 
temperature monitor, the lower temperature monitor, and the 
central temperature monitor and in other cases calculated with 
results of inversion of interference matrix described later. 
[0092] 

First, an explanation is given to the case where the four 
operating variables are calculated with rates of interference . 

In calculating the four operating variables with rates 
of interference, predicted temperatures for the respective 
temperature monitor substrates 400 and deviations of the 
respective temperature monitor substrates 400 relative to set 
temperatures are allotted to the respective temperature 
adjustment zones (U, CU, CL, L) in conformity to the rates of 
interference . 
[0093] 

For example, in the rates of interference shown in Fig. 
13, in the case where the set temperature is 850 °C and the 
substrate -edge predicted temperature W ! top(t) for the upper 
temperature monitor is 845 °C, a deviation of the substrate -edge 
predicted temperature W top (t) relative to the set temperature 
of the upper temperature monitor is 5 °C (850 °C - 845 °C) . 

Here, quotas of deviation to the respective temperature 
adjustment zones (U, CU, CL, L) at the substrate-edge predicted 
temperature W ! top(t) are represented by Formula 9-1 to Formula 
9-4. 
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[0094] 
[Formula 9] 

Quota of deviation to the U zone = 5°Cx0.727 = 3.635 °C 
(9-1) 

Quota of deviation to the CU zone = 5°Cx0.364 = 1.820 °C 
(9-2) 

Quota of deviation to the CL zone = 5 °Cx (-0.068) = -0.340 °C 
(9-3) 

Quota of deviation to the L zone = 5 °Cx (-0.023) = -0.115 °C 
(9-4) 

[0095] 

The temperature controller 4 calculates quotas of 
deviation for the lower temperature monitor and the central 
temperature monitor likewise to find the sum of deviations 
allotted every temperature adjustment zone. 

Then, the temperature controller 4 uses the sum of 
deviations allotted every temperature adjustment zone to 
calculate operating variables for the respective zone heaters 
340-1 to 340-4 by means of PID calculation to control the 
outputs of the zone heaters 340-1 to 340-4 so that the sum of 
deviations allotted every temperature adjustment zone makes 
zero (0) . 
[0096] 

Subsequently, an explanation will be given to the case 
where four operating variables are calculated with results of 
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inversion of an interference matrix. 

In order to calculate the operating variables with 
results of inversion of an interference matrix, the 
interference matrix is first found. 

In the upper temperature monitor, the lower temperature 
monitor, and the central temperature monitor, respectively, 
let assume that variation of the substrate-edge temperature 
W relative to a change of the inner- thermocouple temperature 
P is the same as a value shown in Fig. 12 when the temperature 
in the reactor 3 when it becomes flat is set as a standard. 
[0097] 

First, for the respective temperature adjustment zones 
(U, CU, CL, L) , variations of the substrate -edge temperatures 
W of the upper temperature monitor, the lower temperature 
monitor, and the central temperature monitor are calculated 
when the set temperatures S change (step-up) 1 °C relative to 
the inner-thermocouple temperatures P. 

That is, variations of the substrate-edge temperatures 
W in step-up are calculated by dividing values of variations 
of the respective temperature adjustment zones shown in Fig. 
12 by a deviation (5 °C) . 
[0098] 

Fig. 16 illustrates variations of the substrate -edge 
temperatures W in step-up in a state, in which row and column 
in results of calculation described above are replaced by each 
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other. 

That is, Fig. 16 is a table illustrating variations of 
the substrate-edge temperatures W in step-up for the upper 
temperature monitor, the lower temperature monitor, and the 
central temperature monitor, respectively. 

Since no square matrix is resulted assuming that values 
illustrated in Fig. 16 constitute a matrix, a virtual upper 
monitor substrate is virtually provided above the upper 
temperature monitor as shown in Fig. 17. 

That is. Fig. 17 is a table illustrating variations of 
the substrate -edge temperatures W in step-up for the virtual 
upper monitor substrate in addition to variations of the 
substrate -edge temperatures W in step-up illustrated in Fig. 
16. 

In addition, for the purpose of simplified expression, 
it is assumed in the virtual upper monitor substrate as 
virtually provided that when, for example, the U zone is varied 
1 °C, variation of the virtual upper monitor substrate is varied 
1 °C and virtual upper monitor substrates in the other 
temperature adjustment zones are not varied in temperature. 

Also, in the case where the number of the temperature 
adjustment zones is greater by at least two than the number 
of the temperature monitor substrates 400, the virtual monitor 
substrates as virtually provided may be further increased in 
number to complete the number for the temperature adjustment 
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zones and the temperature monitor substrates 400 to enable 
constituting a square matrix. 
[0099] 

Values illustrated in Fig. 17 are represented as a matrix 
by Formula 10 and a matrix M is made an interference matrix. 
[0100] 

[Formula 10] 

f 1.000 0.000 0.000 0.000 ^ 

0.640 0.320 -0.060 -0.020 (1Q) 

M = -0.060 0.280 0.800 -0.080 

^-0.080 -0.140 0.420 0.620 , 

[0101] 

That is, the interference matrix M represents variations 
of the substrate -edge temperatures W in the upper temperature 
monitor, the lower temperature monitor, and the central 
temperature monitor, respectively, in the case where the 
inner- thermocouple temperatures P. of the respective 
temperature adjustment zones are varied 1 °C. 
[0102] 

In addition, as described in Paragraph 0060 in another 
application filed by the applicant of the present application 
(Japanese Patent Application No. 2001-272218 filed on 
September 7, 2001) , inversion on the basis of the method of 
least squares with the use of the interference matrix M 
illustrated in Formula 10 corresponds to calculation of 
variations of the inner-thermocouple temperatures P for use 
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in varying the substrate-edge temperatures W of the respective 
temperature monitor substrates 400. 

Inversion for calculation of variations of the 
inner -thermocouple temperatures P is represented by [M T xM] _1 xM T 
with the use of the interference matrix M ( T : transposed 
matrix) . 

Results of inversion of the interference matrix M 
illustrated in Formula 10 are represented Formula 11. 
[0103] 

[Formula 11] 

f 1.000 0.000 0.000 0.000^ 

, _ -1.922 3.033 0.165 0.119 
[M*xM]-W = o6?2 _ 093() 1 12() 0 U5 ("> 

^-0.760 1.315 -0.722 1.562, 

where T indicates a transposed matrix and _1 indicates 

inversion. 
[0104] 

Also, variations, which the inner- thermocouple 
temperatures P of the respective temperature adjustment zones 
should undergo, are calculated by multiplying results of 
inversion illustrated in Formula 11 by deviations of the 
respective temperature monitor substrates 400, respectively. 

Formula 12 illustrates results obtained by multiplying 
results of inversion illustrated in Formula 11 by deviations 
of the respective temperature monitor substrates 4 00, 
respectively. 
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[0105] 

[Formula 12] 



f 1.000 


0.000 


0.000 


0.000^ 




f 5 l 




'5.0> 


-1.922 


3.033 


0.165 


0.119 




5 




7.0 


0.672 


-0.930 


1.120 


0.115 


X 


5 




4.9 


^- 0.760 


1.315 


-0.722 


1.562; 




,5; 




J.0, 



(12) 



[0106] 

That is, in the case where all .deviations of the 
respective temperature monitor substrates 4 00 are, for- example, 
5 °C, variations, which the inner- thermocouple temperatures 
P of the respective inner thermocouples 3 02-1 to 302-4 should 
undergo, are 5 °C, 7.0 °C, 4.9 °C, 7.0 °C, respectively, as 
illustrated in Formula 12. 

The temperature controller 4 calculates operating 
variables for the respective zone heaters 340-1 to 340-4 by 
means of PID calculation to control the outputs of the zone 
heaters 340-1 to 340-4 so that variations, which the 
inner- thermocouple temperatures P of the respective inner 
thermocouples 3 02-1 to 302-4 should undergo, makes zero (0) . 

In addition, while an explanation has been given to 
substrate -temperature predictive control by way of control, 
in which the substrate -edge temperatures W approach the set 
temperatures S, the control is not limited thereto but control 
can be likewise performed in case of perf orming control so that 
the substrate -center temperatures C approach the set 
temperatures S. 



55 



[0107] 

When substrates are to be processed, predicted 
temperatures of the upper monitor substrate 54, the lower 
monitor substrate 56 , and the central monitor substrate 58 are 
calculated from temperature in the reactor 3 , which is detected 
by the outer thermocouples 342 and the inner thermocouples 302, 
on the basis of rates of interference of the zone heaters 340-1 
to 34 0-4 or results of inversion of the interference matrix 
M, and operating variables for the respective zone heaters 
340-1 to 34 0-4 are calculated to control the outputs of the 
zone heaters 340-1 to 34 0-4 so that predicted temperatures of 
the substrates as calculated become consistent with the set 
temperatures S . 

Since the temperature controller 4 periodically controls 
the outputs of the zone heaters 340-1 to 340-4, it can perform 
control so that temperatures of the upper monitor substrate 
54, the lower monitor substrate 56, and the central monitor 
substrate 58 are varied according to the set temperatures S. 
[0108] 

[Acquisition of temperature data required for 
substrate -temperature predictive control] 

Predicted temperature of the temperature monitor 
substrate 4 00 can be calculated by using the outer predicted 
temperature H and the inner predicted temperature P to perform 
the first order lag calculation as described above. 
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It is necessary to adjust the temperature prediction 
parameters "Kl, Tl, K2, T2, b, C" every semiconductor 
processing equipment, which performs temperature control of 
substrates, before the processing of substrates. 

In adjusting the temperature prediction parameters, 
outer predicted temperatures H and inner predicted 
temperatures P, which are acquired at the same period as that 

(control period) when temperature control is performed at the 
time of processing, are necessary especially in case of 
adjusting the time constants Tl, T2 . 

[0109] 

Also, in the semiconductor processing equipment 1, that 
period (control period) , in which temperature control is 
performed through the temperature controller 4 , and that period, 
in which temperature data are displayed or recorded by the 
display/ input unit 22 or the recording output unit 24, are 
different from each other in the device operation part 2. 

For example, after the temperature controller 4 (Fig. 
2) receives temperature data through the inner thermocouples 
302-1 to 302-4 and the outer thermocouples 342-1 to 342-4, 
operating variables for the respective zone heaters 340-1 to 
340-4, respectively, are calculated and that period (control 
period) , in which electric power values are output to the zone 
heaters 340-1 to 340-4, takes 0.5 seconds. 

On the other hand, that period, in which the operation 
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control unit 2 0 receives temperature data from the temperature 
controller 4 through the communication unit 2 8 to output the 
same to the display/ input unit 22 or the recording output unit 
24, in the device operation part 2 takes 4 seconds. 

This is because time, which the device operation part 
2 and the temperature controller 4 take in communication 
processing, is saved, the CPU 200 of the device operation part 
2 mainly performs the processing of using recipe, and the CPU 
4 0 of the temperature controller 4 can mainly perform the 
processing of temperature control on substrates. 
[0110] 

In this manner, in the case where that period, in which 
the display/ input unit 22 or the recording output unit 24 
outputs temperature data, takes 4 seconds and the temperature 
controller 4 controls temperatures of substrates, takes 0.5 
seconds, the display/input unit 22 or the recording output unit 
24 must output temperature data in the period of 0 . 5 seconds 
in order to adjust the temperature prediction parameters "Kl, 
Tl, K2, T2, b, C" for calculation of predicted temperatures. 

That is, an operator can obtain the graph illustrated 
in Fig. 14 by having the recording output unit 24 or the like 
outputting temperature data in the period of 0.5 seconds. 
[0111] 

Temperature data in the period of 0 . 5 seconds may enable 
the period changing unit 220 of the device operation part 2 
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to modify a period of communication between the device 
operation part 2 and the temperature controller 4 and enable 
selecting either 4 seconds or 0.5 seconds for a period of 
temperature data, which an operator acquires from the device 
operation part 2, for example. 
[0112] 

Also, that interpolatory processing, in which 
temperature data in the period of 0.5 seconds are created from 
temperature data, which the device operation part 2 acquires 
in the period of 4 seconds, to be interpolated between 
temperature data in the period of 4 seconds, may be performed. 
[0113] 

Further, the temperature prediction parameters may be 
adjusted by having that device, which makes an option for the 
semiconductor processing equipment 1, to create temperature 
data in the period of 0 . 5 seconds to perform that interpolatory 
processing, in which such temperature data are interpolated 
between temperature data in the period of 4 seconds. 
[0114] 

[Input of parameters required for substrate- temperature 
predictive control] 

For the substrate -temperature predictive control, an 
operator must set the temperature prediction parameters "Kl, 
Tl, K2, T2, b, C" and parameters for rates of interference or 
results of inversion of the interference matrix M through the 
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device operation part 2. 

For example, the device operation part 2 preferably 
receives parameters required for substrate- temperature 
predictive control like parameters when PID control of the 
inner- thermocouple temperature P to the set temperature S is 
performed. 

Also, parameters required for substrate- temperature 
predictive control of substrates are adjusted every 
temperature zone, in which substrates are processed, and set 
respectively as individual parameter tables preferably. 

Further, for the parameter tables, individual parameter 
tables may be set according to the number of substrates 
processed in the reactor 3 . 

For example, the temperature prediction parameters "Kl, 
Tl, K2, T2, b, C" for use in placing 10 0 substrates on the boat 
108 to adjust the same, and the temperature prediction 
parameters "Kl, Tl, K2, T2, b, C'» for use in placing 50 
substrates on the boat 108 to adjust the same, respectively, 
may be set, and parameter tables may be selected through the 
device operation part 2 according to the number of substrates 
processed in the reactor 3 . 
[0115] 

Fig. 18 is a view illustrating a parameter set screen 
displayed in the case where the display/input unit 22 of the 
device operation part 2 receives parameters. 
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As shown in Fig. 18, the parameter set screen includes 
a table selection section 222 , a monitor substrate number input 
section 224, a prediction parameter input section 226, and an 
interference extent input section 228. 
[0116] 

The table selection section 222 receives instrutions 
from an operator to select a parameter table conformed to a 
temperature zone, in which substrates are processed. 
The monitor substrate number input section 224 receives the 
number of temperature monitor substrates 400 to be used from 
an operator. 

In this manner, more than three temperature monitor 
substrates 4 00 may be used in the semiconductor processing 
equipment 1 . 

Also, the number of temperature monitor substrates 400 
may be one or two. 

The prediction parameter input section 226 receives the 
temperature prediction parameters "Kl, Tl, K2, T2, b, C" every 
temperature monitor substrate 4 00 from an operator. 

The interference extent input section 22 8 receives rates 
of interference or results of inversion of an interference 
matrix every temperature monitor substrate 4 00 for the outer 
thermocouples 342-1 to 342-4 and the inner thermocouples 302-1 
to 302-4, respectively, from an operator. 

Also, whether either of parameters of rates of 
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interference or results of inversion of an interference matrix 
performs control may be displayed in the parameter set screen 
to afford setting of switchover . 
[0117] 

[Execution of substrate -temperature predictive control] 

Execution of substrate-temperature predictive control 
is divided into a step of preparing that substrate -temperature 
predictive control, in which temperatures are set for the inner 
thermocouples 302 and the outer thermocouples 342 and 
temperature changes of temperature monitor substrates 4 00 are 
confirmed for determination of temperature prediction 
parameters, and a step of using the temperature prediction 
parameters as prepared to perform substrate-temperature 
predictive control to actually process substrates. 

[0118] 

Fig. 19 is a view illustrating an example of a temperature 
control set screen displayed in the step of preparing the 
substrate -temperature predictive control, in the 
display/input unit 22 of the device operation part 2. 
Fig. 20 is a view illustrating an example of a temperature 
control set screen displayed in the step of executing the 
substrate-temperature predictive control to process 
substrates, in the display/ input unit 22 of the device 
operation part 2 . 

The temperature control set screen is displayed in, for 
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example, a touch panel, includes a mode selection section 230, 
a temperature set section 232, and a parameter set section 234, 
and affords displaying and receipt of instructions in 
combination. 
[0119] 

The mode selection section 23 0 receives instructions to 
select an object for setting in the temperature control set 
screen and displays the received instructions. 
An object for setting in the temperature control set screen 
includes, for example, the inner thermocouples 3 02, the outer 
thermocouples 342, the temperature monitor substrates 400, 
etc . 

When, for example, the inner thermocouples 302 or the 
outer thermocouples 342 is selected in the mode selection 
section 230 (see Fig. 19), the temperature control set screen 
is put in a mode for preparation of substrate -temperature 
predictive control and receipt of instructions of set 
temperatures and inclination of temperature rise every zone 
for the selected thermocouples is displayed in the temperature 
set section 232. 

Also, when, execution of substrate -temperature 
predictive control is selected in the mode selection section 
23 0 (see Fig. 20) , the temperature control set screen is put 
in a mode for execution of substrate- temperature predictive 
control and receipt of instructions of set temperatures and 
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inclination of temperature rise for the respective temperature 
monitor substrates 4 00 is displayed in the temperature set 
section 232. 
[0120] 

The temperature set section 232 displays receipt of 
instructions of set temperatures and inclination of 
temperature rise according to the mode selected in the mode 
selection section 230. 

Further, the temperature set section 232 displays the 
received instructions . 
[0121] 

The parameter set section 234 comprises a PID selection 
section 236 and a predictive control selection section 238. 
According to the set temperatures and the inclination of 
temperature rise set in the temperature set section 232, the 
PID selection section 236 receives instructions to select a 
parameter table including, for example, parameters for PID 
control, and parameters adjusted according to temperature 
zones of the set temperatures and the number of substrates being 
objects for processing, and displays the received 
instructions . 

In the case where the mode for preparation of 
substrate -temperature predictive control is selected in the 
mode selection section 230, the predictive control selection 
section 23 8 displays non-use of the temperature prediction 
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parameters "Kl, Tl, K2, T2 , b, C" . 

Also, in the case where the mode for execution of 
substrate-temperature predictive control is selected in the 
mode selection section 230, the predictive control selection 
section 238 displays setting by the temperature set section 
232, and automatic changeover of parameters by the operation 
control unit 2 0 so that optimum temperature prediction 
parameters "Kl, Tl, K2, T2 , b, C" according to the number of 
substrates or the like are selected. 

In the both cases, an operator may instruct selection 
of the temperature prediction parameters 11 Kl, Tl, K2 , T2 , b, 
C" in the predictive control selection section 238. 
[0122] 

In this manner, an operator can select preparation of 
substrate -temperature predictive control and execution of 
substrate -temperature predictive control for actual 
processing of substrates through the device operation part 2. 

Also, in case of executing the substrate- temperature 
predictive control to actually process substrates, the device 
operation part 2 receives substrate temperatures predicted by 
the temperature controller 4 to be able to display the same 
by means of the display/input unit 22 or to store in the storage 
unit 26, and an operator can confirm the situation of predicted 
temperatures during or after processing of substrates . 
[0123] 
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Subsequently, an explanation will be given to 
temperature changes of substrates in the case where 
substrate -temperature predictive control is executed. 

Fig. 21 is a graph illustrating responses of a 
substrate -edge temperature W and a. substrate-center 
temperatures C in the mode for preparation of 
substrate -temperature predictive control in the case where the 
output of the zone heater 340 is controlled by means of PID 
calculation so that response of an inner thermocouple 3 02 
approaches changes in a set temperature S. 

Fig. 22 is a graph illustrating responses of a 
substrate -edge temperature W and a substrate-center 
temperatures C relative to changes in a set temperature S in 
the mode for execution of substrate -temperature predictive 
control where an object of the substrate -temperature 
predictive control is the substrate -edge temperature W. 

As shown in Fig. 21, when the temperature controller 4 
changes the output of the zone heater 34 0 by means of PID 
calculation on the basis of control of the device operation 
part 2 so that response of temperature of the inner thermocouple 
302 approaches changes in the set temperature S, the 
substrate -edge temperature W and the substrate-center 
temperatures C, respectively, overshoots much relative to the 
set temperature S (800 °C) and thereafter become stable at the 
set temperature S. 
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[0124] 

On the other hand, as shown in Fig. 22, when 
substrate- temperature predictive control is executed for 
changes in the set temperature S where an object of the 
substrate -temperature predictive control is the 
substrate -edge temperature W, the substrate -edge temperature 
W and the substrate-center temperatures C, respectively, 
become stable at the set temperature S without overshooting 
the set temperature S much. 

In the example illustrated in Fig. 22, since the 
temperature prediction parameters "Kl, Tl, K2 , T2 , b, C" are 
adjusted so that response of the substrate -edge temperature 
W through predictive control approaches response of the 
substrate -edge temperature W detected in the step of preparing 
the substrate -temperature predictive control, the 
substrate -edge temperature W reaches and becomes stable at the 
set temperature S without overshooting the set temperature S 
and the substrate-center temperatures C rises later in 
temperature and reaches and becomes stable at the set 
temperature S later than the substrate- edge temperature W. 
[0125] 

Fig. 23 is a graph illustrating responses of a 
substrate -edge temperature W and a substrate -center 
temperatures C relative to changes in a set temperature S in 
the mode for execution of substrate-temperature predictive 
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control where an object of the substrate- temperature 
predictive control is an average of the substrate -edge 
temperature W and the substrate-center temperatures C. 

As shown in Fig. 23, since the temperature prediction 
parameters "Kl, Tl, K2 , T2 , b, C" are adjusted so that response 
of that average of the substrate -edge temperature W and the 
substrate-center temperatures C, which is an object of the 
substrate- temperature predictive control, through predictive 
control approaches response of that average of the 
substrate -edge temperature W and the substrate-center 
temperatures C, which is detected in the step of preparing the 
substrate- temperature predictive control, response of the 
substrate -edge temperature W overshoots the set temperature 
S less than response of the substrate-edge temperature W shown 
in Fig. 21 and response of the substrate- center temperatures 
C reaches and becomes stable at the set temperature S around 
1 minute earlier than response of the substrate-center 
temperatures C shown in Fig. 22. 
[0126] 

An object of the substrate- temperature predictive 
control may be a substrate -center temperatures C or an average 
temperature of outer peripheral thermocouples 406-1 to 406-4, 
inner peripheral thermocouples 4 04-1 to 404-4, and a central 
thermocouple 402. 

In this manner, response of substrate temperatures can 
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be varied on the basis of an object of the substrate- temperature 
predictive control by freely selecting an object of the 
substrate -temperature predictive control and adjusting the 
temperature prediction parameters "Kl, Tl, K2 , T2 , b, C" so 
that response of a predicted temperature of a selected object 
approaches response of temperature detected in the step of 
preparing the selected object. 

Also, a predicted temperature of the temperature monitor 
substrate 4 00 may be calculated by the first -order lag 
calculation of the inner- thermocouple temperature P and 
substrate temperatures without the use of the 
outer- thermocouple temperature H. 
[0127] 

In addition, the invention is not limited to the 
embodiments described above, but it goes without saying that 
the invention is susceptible to various modifications within 
a range not departing from the gist thereof. 

While the embodiments have been described with respect 
to a low-pressure CVD device of a batch type semiconductor 
processing equipment, the invention is not limited thereto but 
applicable to a thermal treatment equipment such as dispersion 
equipment or the like in a batch type semiconductor processing 
equipment, a sheet- fed equipment, and other general substrate 
processing equipments. 
INDUSTRIAL APPLICABILITY 
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[0128] 

The invention is usable for processing of substrates. 
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